94-01760 


AD-A275  147  *tion  page  | 

I IIIUII  nil  mil  mil  lllll  inn  inn  llll  llll  #.»•»•  »  rwu,  pm  nwnw.  inelu**i»  IM  IHM  lor  .mmxnf  .nutuawni  »•'(:»««  •>«,„,  ui<  muicm 

llinil  I  I  I  III  11  I  11  II  II  "»  «««"•"  ••  ■"♦onwwMB  SMd  comwnn  ifin  kurwn  Minm  or  in,  nn^  ,hmci  o<  i"* 

ini  1 1  I  ill  I  I  I  I  I  H  il  HMdMfmt  Smncm.  OmoorM  <ar  Inlotminon  OpMf im  ana  Maaont  1 2 1 S  jaOa'W 

_ Mlillll  nil  IIIIMIIII  lllll  lllll  mil  llll  llll  f  Managawawi  and  (uatM.  P»aniiidta  Naduenan  >reiag  I070«-0I  M)  aVaanaifiBn.  OC  10*03 


1  AGENCY  USE  ONLY  fLM¥0  blank)  2.  REPORT  DATE 


4  TITLE  AND  SUBTITLE 

(see  title  on  reprint) 


3.  REPORT  TYPE  AND  OATES  COVERED 

Reprint 


S  FUNDING  NUMBERS 
PE:  NWED  QAXM 
WU:  04630 


6.  AUTHORIS) 


Steel-Goodwin  et  al. 


7  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESS(ES) 

Armed  Forces  Radiobiology  Research  Institute 
8901  Wisconsin  Ave. 

Bethesda,  MD  20889-5603 


8  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

SR93-32 


9  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  AOORESS(ES) 

Uniformed  Services  University  of  the  Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20814-4799 


11  SUPPLEMENTARY  NOTES 


12*  OISTRIBUTION/AVAILABIUTY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited. 


1 3  ABSTRACT  iMtMimum  200  wordt) 


Accesion  For 


STIC  'ti  .1 » 


By . 

Diotribution  | 


Availability  Codes 


ECT  TERMS 


IS.  NUMBER  OF  PAGES 

9 


16  PRICE  CODE 


17  SECURITY  CLASSIFICATION  18  SECURITY  CLASSIFICATION  19  SECURITY  CLASSIFICATION  20.  LIMITATION  OF 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT  ABSTRACT 


UNCLASSIFIED 


NSN  7S4O4>1-2t0-5500 


UNCUSSIFIED 


94  1  19  053 


Standard  Form  298  (Rav  2-89) 
^raacr«a*k*aNtlSu  33*  1 1 

3*a-l01 


WNAl.S  OK  (  I.IMCAI.  AM)  l.AHOHA  l'OHY  S(:IEM:K.  VoI  23.  No  h 
(!op\rn(ht  P  KK)3.  liiNtitutf  tor  (lltiiK-itl  Si-irm-r.  (ni-. 


ARMED  FORCES  RAO(OeKX.OGY 
RESEARCH  INSTITUTE 

SaENTmC  REPORT 

SR93-32 


Comparative  Intestinal  and  Testes  Toxicity 
of  Four  Aminothiols  in  Irradiated  and 
Nonirradiated  Mice*t 


LINDA  STEEL-GOODWIN,i  JUNE  E.  EGAN,§ 
JUDY  M.  KENDRICKS  W.  E.  JACKSON,*; 
LILLIE  M.  HEMAN-ACKAH,  and  J.  M.  ECKSTEIN' 


^Radiation  Biophysics  Department, 
§Radiation  Biochemistry  Department, 
^Computer  and  Electronics  Department, 
and  "Vetemary  Sciences  Department, 
Armed  Forces  Radiobiolony  Research  Institute, 
Bethesda,  MD  20889-5603 


ABSTRACT 

Intestinal  and  testicular  toxicity  in  Kroups  of  nonirradiated  and  irradiated 
mice  were  investigated  after  intraperitoneal  injection  of  aminothiol  com¬ 
pounds  or  saline.  Four  aminothiols  were  studied.  Three  were  prodrugs: 
WR-2721,  WR-3689,  and  WR-151327  and  one  was  the  active  form  of 
WR-2721;  VVR-1065.  Thirty  minutes  after  injection,  the  mice  were  sham- 
irradiated  or  bilaterally  exposed  (whole  body)  to  ®®Co  "y-irradiation  at  a  dose 
rate  of  1  Gy  per  min  to  a  total  dose  of  15  Gy.  Four  days  after  injection,  mice 
were  euthanised,  and  the  intestines  and  testes  were  removed  and  histologi¬ 
cally  e.xamined.  The  intestinal  crypt  cell  number  was  increased  in  all  the 
irradiated  mice  given  WR-compounds  compared  to  controls  (P  <  0.05). 
Interestingly,  the  crypt  cell  number  in  nonirradiated  mice  given  WR-1065 
was  also  greater  than  control  or  WR-2721  (P  <  0.05)  treated  mice.  Germinal 
cell  numbers  from  testes  of  mice  administered  aminothiols  prior  to  radia¬ 
tion  decreased  or  did  not  change.  Some  swelling  of  the  seminiferous 
tubules  was  also  observed.  The  germinal  cell  numbers  in  sham-irradiated 
mice  Avere  also  less  than  the  controls.  Thus,  aminothiol  addition  can  pro¬ 
vide  limited  protection  to  intestinal  crypt  cells  but  not  to  germinal  cells  of 
the  testes  in  response  to  7-irradiation.  There  is  also  evidence  that  aminothi¬ 
ols  are  toxic  to  the  germinal  cell  layer  of  the  seminiferous  tubules  when 
given  to  sham-irradiated  mice. 


*  Supported  by  the  Armed  Forces  Radiobiolofty  Research  Institute,  Defense  Nuclear  Agency,  under 
work  unit  04630.  Views  presented  in  this  paper  are  those  of  the  authors:  no  endorsement  by  the  Defense 
Nuclear  Agency  has  been  given  or  shoulrl  be  inferred.  Research  was  conducted  according  to  the  principles 
enunciated  in  the  Guide  for  the  Care  and  Use  of  Laboratory  Animals  prepared  by  the  Institute  of  Labo¬ 
ratory  Animal  Resources.  National  Research  Council. 

t  Address  reprint  requests  to  Dr.  Linda  Steel-Coodwin,  Radiation  Biophysics  Department,  Armed 
Forces  Radiobiology  Research  Institute,  Bethesda.  MD  20889-5603. 
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Introduction 

The  scarcli  tor  (hcmicul  rudiopnftvc- 
tors  tor  use  by  physicians  and  workers  in 
hiKh  radiation  areas  has  Ireen  onijoinu 
even  since  ioniziny  radiation  was  lonml 
to  hi-  damauini;  to  ii-lls.  I'lu-  National 
(dancer  Jnstitnte  Hadioi>rotectant  Screen¬ 
ing  Program  found  that  aininothiols 
such  as  \VR-151.327,  \VR-3(SSy  anti 
WR-2721  are  the  most  i-flective  radio- 
protective  agents.'" 

Hydroxyl  radicals  (  OH),  snperoxide 
(On),  hydrogen  (leroxiile  (H^O^). 
hydrated  electrons  (e,,,)  and  hydrogen 
atoms  (H  )  are  generally  considered  the 
.u'tis'e  species  following  cell  I'Xirosnri-  to 
ionizing  radiation.  I  hc-sc'  species  snhse- 
quently  react  with  cell  constituents  gen¬ 
erating  various  free  radical  pathways 
which  can  damage  D.NA  and  i-ssential 
enzymes  as  well  as  cause  the  release  of 
proteolytic  enzymes.  The.se  mechanisms 
nltinuitely  lead  to  cell  death.  .Alterna¬ 
tively,  tree  radicals  can  he  heneficial  hy 
destroying  invading  microorganisms  and 
cancer  cells,  hy  assisting  in  reproduction 
(sperm  maturation,  sperm  transportation 
and  fertilization),  <ind  initiating  wound 
healing  processes.  Free  radicals  are  also 
involved  in  nenrotransmission,  iodin- 
ation  of  thyroid  hormones  and  calcium 
mohilization  of  hone.' 

The  exact  mechanism  of  action  of 
radioprotectors  is  yet  to  he  defined.  It  is 
possible  that  radioprotectors  act  as  free 
radical  scavengers  or  terminate  free  radi¬ 
cal  propagation  hy  hydrogen  transfer 
mechanisms.  There  is  evidence  that 
chemical  protectors  act  as  scavengers  of 
hydroxyl  radicals,  reduce  oxygen  levels 
decreasing  free  radical  formation,  and 
chelate  with  histones  on  deoxyrihonn- 
cleic  acid  (DNA)  and  ribonucleic  acid 
IRNA)  shielding  them  from  free  radical 
attack.^  Recent  studies  using  Klectron 
Spin  Resonance  (ESR)  technitjues  have 
shown  that  the  radioprotector  \VR-1()65 
can  induce  the  production  of  the  free 
radical  nitric  oxide,  NO.*’' 


However,  like  .ill  drugs,  chemical 
radioprotectants  are  themselves  toxic  at 
siif/icientl)'  high  concentrations.*"  For 
some  railioiJrotective  agents  there  is  a 
narrow  concentration  range  between  pro¬ 
tection  and  toxicity.'"  just  as  certain  cells 
in  the  body  are  more  radiosensitive  than 
others,  it  is  probable  that  some  cells  may 
he  more  sensitive  to  chemical  radiopro- 
lectants.  Since  crypt  cells  of  the  intestine 
•  nid  the  germinal  cells  of  the  testis  .ne 
known  to  he  very  radiosensitive,  these 
cells  were  studied  for  sensitivity  to 
chemical  radioprotectants. 

.Aininothiols  such  as  \VR-151327. 
\\'R-3hH9,  and  \\'R-2721  are  well  estab¬ 
lished  as  intestinal  radioprotectors""** 
hot  max  he  chemical  toxins  of  the  tes¬ 
tis.*’  *"  For  example,  the  literature 
reports  radioprotection  and  cytotoxicity 
of  the  testis  hv  the  ami  nothiol 
\VR-2721.'''  WR-l, =51327,  WR-2721. 
\VR-1()(").5.  and  WR-.3h89  were  examined 
and  their  effects  on  intestinal  and  testes 
toxicity  were  compared.  The  crypt  cells 
of  the  intestine  and  germinal  cells  of  the 
testis  were  measured  histometrically, 
lour  days  post-injection  in  nonirradiated 
and  irradiated  mice. 

Materials  and  Methods 

The  aininothiols  tested,  figure  1,  were 
obtained  from  two  sources.  *+ 

.Male  mice  CD2F1  eight  to  10  xx’eeks 
old  were  also  obtained. t  Mice  were 
allowed  food  and  water  ad  libitum.  They 
were  divided  into  two  groups:  nonirradi- 
ated  and  irradiated.  Each  group  was 
divided  into  five  subgroups.  Each  sub¬ 
group  had  eight  mice.  All  drugs  were  dis¬ 
solved  in  sterile  saline  and  injected  i.p. 
I'he  radioprotectants  were  added  at  the 


■  Drui;  Svnthi'sis  CIu  miuIia  Hr, mill.  Di'M'lop- 
iiiental  Therapeutics  Program.  Division  ol  Cancer 
Treatment.  National  Cancer  Institute.  Bethesda, 
MD. 

*  L'.S.  Biosciences,  Cockenham,  P.A. 
t  .National  Cancer  Institute,  Frederick,  .\1D. 
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CHEMICAL  STRUCTURES  OF  AMINOTHIOLS  TESTED 


WR-2721 

H  2N-(CH2)  3-NH-(CH2)  2-S-PO3H2 

WR-1065 

H  2N-(CH  2 )  3-NH-(CH  2)  2  SH 

WR-3689 

CH3-HN-(CH2)3-NH-(CH2)2-S-P03H2 

WR-151327 

CH  3-HN-(CH2  )  3  -NH-(CH2  )  3-S-PO3H  2 


Figure  1.  \VR-2721, 
\VR-1()65  and  \VR-3689 
wiTo  olitained  Irom  the 
National  Cancer  Insti¬ 
tute.  Hethesda  MD.  and 
\VR-151327  was  obtameii 
Irom  US  Biosciences, 
('ockenham,  PA. 


miitimimi  close  ic'ciiiirt'cl  for  inicu  siiia  i\  al 
30  (lavs  post-irracliatioii.  I'he  aininothiol 
proclriins  \\'I{-2721,  W'R-.iOHO.  and 
WR-1.'5327  were  administered  at  a  con¬ 
centration  of  200  niK  per  ku  Ixidy  weight 
(R\V)  and  the  active  clrtiji  \VR-1005  at  a 
concentration  of  80  tnu  per  ku  BW.  The 
control  uronp  was  injected  with  saline. 

The  irradiation  procedure  wa.s  the 
same  as  previously  described.'’’  Mice 
were  placed  in  plastic  containers  approxi¬ 
mately  15  minutes  before  total-l)ody  irra¬ 
diation.  They  were  irradiated  in  a  bilat¬ 
eral  ‘’^‘Co  •y-ray  field  at  a  dose  rate  of  1.0 
(iy  per  min,  receiving  a  total  dose  of  1.5 
(ly.  The  nonirradiated  mice  were  treated 
identically  except  tor  the  actual  irradia¬ 
tion.  k'our  days  later  the  mice  were 
euthanised  by  lethal  inhalation  of 
methoxyflurane.S  Testes  and  jejnnnm 
('1  cm  long),  taken  5  cm  from  the  liga¬ 
ment  of  Trietz,  were  immediately 
removed  and  fixed  in  saline  formalin  fix¬ 
ative.  The  tissues  were  embedded  in  par¬ 
affin  wax.  cut  at  four  microns  and  stained 
with  hematoxylin  and  eosin.  A  Biocpiant 
Hipad  Digitiser  attached  to  a  light  micro¬ 
scope  wa.s  used  to  measure  the  circum¬ 
ference  and  the  number  of  crypt  cells  in 
the  intestine.  The  circumference  and 
number  of  cells  in  the  terminal  cell  layer 
of  the  testes  were  measured  in  a  similar 


manner.  The  microscope  slides  were 
decoded  into  experimental  groups  and 
the  raw  data  was  statistically  analysed 
using  the  Kruskal-Wallis  Test.  Post  hoc 
evaluations  were  made  using  Dunn’s 
Test  at  the  five  percent  significance 
level. 

Results 

In  figure  2A  is  shown  the  appearance 
of  the  intestine  of  a  mouse  four  days  after 
injection  i.p.  with  saline.  The  villi  are 
intact  and  there  are  cells  visible  in  the 
c  rypts  of  Lieberkuhn.  F'our  days  after  i.p. 
injection,  the  aminothiols  caused  no  his¬ 
tological  damage  to  the  intestine.  The 
appearance  of  the  intestine  of  a  mouse 
injected  i.p.  with  the  aminothiol, 
WR-3689  (200  mg  per  kg  BW)  is  shown  in 
figure  2B.  The  villi  are  intact  and  crypt 
cells  are  visible.  Four  days  following  15 
Gy  whole-body  irradiation,  the  intestine 
gave  the  typical  pictorial  image  shown  in 
figure  2C.  The  villi  have  become  blunted 
and  crypt  cells  cannot  easily  be  detected. 
When  mice  were  injected  with  an  ami¬ 
nothiol  30  min  prior  to  radiation,  the 
intestine  appears  as  shown  for  WR-3689 
in  figure  2D.  The  villi  are  intact,  cells  can 
be  identified  in  the  crypts  of  Lieberkuhn, 
and  there  is  new  cell  growth  identi¬ 
fied  by  more  densely  populated  and 
darker  staining  cells  along  the  villi  and 


Traclfmark:  Mc-tolane.  Pitman- Moore.  USA. 
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Ml  thf  tr>pts.  Similar  ri-sults  wert- 
obtainc'tl  w  itli  \V'H-2721,  \VR-l()f)5. 
and  \VR-151327. 

(Quantitative  analysis  ot  the  numbers  <»1 
i  rypts  showed  that  i.p.  injection  oi  any  of 
the  aminothiols  tested  30  minutes  prior 
to  15  Gy  whole-body  irradiation  resulterl 
in  a  siiinificant  increase  (P  <  0.05)  in  the 
number  ot  cr\  pt  cells  when  compared  to 
the  intestines  ot  mice  receiving  irradia¬ 
tion  alone.  The  mean  cell  number  ot 
c  r\  pt  cells  in  irradiated  intestines  —  stan¬ 
dard  error  of  the  mean  (SEND  of  ei^ht 
mice  was  1  ±  0.4.  The  results  for  the 
intestines  of  eiiiht  mice  per  iiroup  niven 
aminothiols  .30  minutes  prior  to  irradia¬ 
tion  are  shown  in  fimire  -IR.  The  crypt 
tell  numbers  r  SEN!  sst-re  24  3  (W'R- 

2721).  22  ±  H  (WR-IOOS).  30  ±  3  (\VR- 
3080),  and  15  ±  3  (\VR-151327).  .Measure¬ 
ment  of  the  circumterence  of  these 
intestines  showed  no  siiinificant  ditfer- 
ences  between  iiroups  (P  >  0.05).  When 
mice  were  iii\  en  the  aminothiols  without 
irradiation  the  mean  cell  numbers  from 
the  intestines  of  mice  uiven  WR-2721. 
WR-3680,  and  WR- 151327  showed  no 
significant  chaniie  compared  to  control  (P 
•  0.05).  fiiiure  3.\.  However,  there  was  a 
siiinificant  increase  in  crypt  cell  counts 
P  '  0,05)  in  mice  iii\t*n  WR-|0(i5.  the 
active  dephosphory lated  form  ot 
WR-2721.  WR-100,5  is  hiiihly  toxic,  but 
the  concentration  of  WR- 106.5  adminis¬ 


tered  was  e(jui\  alent  to  the  concentration 
ot  WR-2721  reijuired  tor  radioprotec¬ 
tion.  rhere  was  no  siiinificant  chanKe 
in  the  circumterences  ot  the  intestines 
(P  >  0.05). 

.\n  example  of  a  transverse  section  of 
several  seminiferous  tubules  of  the  testis 
trom  mice  injected  with  saline  i.p.  and 
cuthanised  four  days  later  is  shown  in  tiR- 
iire  4.\.  Each  seminiferous  tubule  is  sur¬ 
rounded  by  an  outer  compact  connective 
tissue  and  an  inner  basement  membrane. 
Enclosed  in  the  basement  membrane  are 
the  specialized  fierminal  epithelium  and 
Sertoli's  cells.  I'he  distinctive  Sertoli’s 
cell  niicleus  is  ovoid  or  annular  in  shape, 
facilitatinn  its  discrimination  from  the 
^permatonenic  cell  that  divides  mitoti- 
tally  to  produce  several  nenerations  of 
cells.  Intraperitoneal  injection  of  200  mg 
per  kg  B\\’  WR-.3689  caused  degeneration 
of  the  germinal  cell  layer.  In  figure  4B  is 
shown  the  transverse  section  of  the  semi¬ 
niferous  tubules  from  a  mouse  treated 
with  WR-3689.  terminal  cells  are  nor¬ 
mally  intermixed  with  Sertoli’s  cells 
.dong  the  basement  membrane.  In  this 
v  ase,  there  are  occasional  detachments  of 
these  cells.  .Vlso  noted  are  small  amounts 
of  proteinaceous  material  within  the 
lumen  of  the  seminiferous  tubules. 

An  example  of  a  transverse  section  ol 
the  seminiferous  tubules  from  mice 
.idministered  saline  i.p.  and  irradiated  30 


20l- 

ol  — 

Conirot 


NONIRRAOIATEO  INTESTINE 


IRRADIATED  INTESTINE  (IS  GY) 


WR-2721  WR-106S  WR-3SM  WR-1S1327 


Figure  3.  The  num- 
liers  of  crypt  cells  in 
intestines  of  (A)  nonirra- 
(liated  and  (B)  irradiated 
mice.  .\(ice  were  injected 
I.p.  with  saline  as  control 
or  with  W  R  -  2  7  2  1  . 
\VR-1065.  \VR-3689.  or 
WR-151327.  Each  firoup 
IS  the  mean  i  SEM 
ol  ciuht  mice.  .All  data 
was  analysed  by  analysis 
of  variance. 
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inin  later  with  15  (iy  is  shown  in  liunre 
4C.  This  pliotomierouraph  indicated  a 
rednetion  oi  cells  in  the  uerininal  layer 
and  absence  of  spermatozoa.  The  cells 
present  had  necrosis  characterised  by 
cytoplasmic  swelliim  and  vacuolization. 
Testes  of  mice  injected  with  WR-3689 
and  30  min  later  exposed  to  15  Gy  whole- 
body  irradiation  show  xisible  depletion 
of  the  Kerminal  cell  la>er  four  days  later, 
fimire  4D.  The  results  for  \VR-2721, 
\VR-1()65,  and  \VR-151327  were  similar 
to  VVR-3689. 

Four  days  after  injection  with  ami- 
nothiols,  nonirradiated  mice  had  It'ss 
cells  present  in  the  uerminal  ci-ll  layer 
(fimire  5).  The  pereentaue  decr<>ase  com¬ 
pared  to  the  control  jjronp  of  eiuht  mice 
was  34  percent  with  VVR-2721,  38  percent 
with  \VR-1()05.  24  percent  with  WR-3f)89. 
and  18  percent  with  VVR-15I327.  I  he 
decrease  in  iterminal  cell  nnmirer  was 
statisticallv  sijimficant  for  \VR-2721. 
WR-1()65,  and  WR-3689  (F  <  0.05).  Sta¬ 
tistically,  there  was  no  sitinificant  differ¬ 
ence  in  the  circumference  of  the  seminif¬ 
erous  tubules  of  tfiese  mice  (P  >  0.05). 

Followinii  irradiation,  there  was  a 
decrease  in  the  number  of  cells  present 
in  the  tjerminal  cell  layer  compared  to 
nonirradiated  mice.  (P  0.05),  limire  5. 
There  was  also  a  decrease  in  the  germi¬ 
nal  cell  number  from  irradiated  mice, 
pretreated  with  WR-2721,  WR-1065,  and 
WR-3089  when  compared  to  the  number 
of  the.se  cells  in  irradiated  controls.  This 
decrease  in  nerminal  cells  was  19  percent 
for  WR-2721.  18  percent  for  WR-1065, 
and  15  percent  for  WR-.3689  (fitfure  5B). 
However,  the  results  in  fiKure  5B  show 
that  compared  to  irradiated  controls, 
there  is  a  seven  percent  increase  in  the 
number  of  germinal  cells  in  irradiated 
mice  pretreated  with  VVR-151327.  Only 


the  decrease  of  19  percent  was  significant 
for  WR-2721  when  compared  to  the  con¬ 
trol  and  WR- 151327  (P  <  0.05).  The  semi¬ 
niferous  tubules  of  the  irradiated  mice 
given  WR-2721  and  WR-,3689  were  swol¬ 
len  compare  to  the  control  mice  and 
those  given  WR-1065  and  WR-151327  (P 
-  0.05). 

Discussion 

These  experiments  showed  that  all  the 
aminothiols  tested  were  protective  to  the 
mitotic  crxpt  cells  in  the  irradiated  intes¬ 
tine.  Four  days  after  injection  of  WR-2721, 
WR-10(S5.  WR-3()89.  and  WR-151327. 
there  were  significantly  more  crypt  cells 
in  the  intestines  of  mice  treated  with 
these  aminothiols  compared  to  the  intes¬ 
tines  of  untreated  irradiated  control  mice 
iP  <  0.05).  Experiments  by  other  investi¬ 
gators  have  also  shown  protection  of  the 
intestine  by  these  aminothiols.'*"' ’  The 
present  study  compared  the  four  ami¬ 
nothiols  simultaneously  in  the  same 
groups  of  animals  and  under  the  same 
radiation  and  experimental  conditions. 

Review  of  radiation  protectors  indi¬ 
cates  that  more  than  one  mechanism  may 
be  involved  in  protection  in  biological 
svstems.  ’  Of  importance  are  the  mecha¬ 
nisms  of  interaction  of  the  aminothiol 
radioprotectors  with  free  radicals,  since 
radiation-induced  free  radical  production 
is  a  major  cause  of  damage  following 
exposure  of  biological  systems  to  ioniz¬ 
ing  radiation.  Recent  studies  have  shown 
that  the  free  radical  nitric  oxide  (NO ) 
readily  interacts  with  and  is  stabilized  by 
thiols.'  In  the  intestine,  it  has  been 
shown  that  WR-1()65  induces  the  produc¬ 
tion  of  NO  .'^  WR-2721  has  also  been 
shown  to  induce  \()  in  the  intestine; 
however,  the  effect  of  this  drug  is  time 


K'K'.URE  4.  I  A)  Till'  testis  Ironi  a  mouse  miectecl  with  saline  i  p.  unci  euthanized  4  clays  later.  (B)  The 
tesiis  ol  a  mouse  injected  i.p.  with  WR-.3689  (2(X)  mi!  per  ki!  BW)  and  eiithanised  four  days  later.  (C)  The 
feslis  of  a  mouse  lour  days  alter  15  Gy  wdmIe-lxKiy  irr.idiation  Iroiii  a  ’'“'Co  y-ray  source.  ( D)  The  testis  Irom 
a  mouse  lour  days  alter  WR-.3689  (200  mu  per  kii  BW  i.p.)  30  minutes  prior  to  whole-body  exposure  to 
■y-radiation  Irom  a  '’"Co  source. 
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NONIRRAOIATED  TESTES 


IRRADIATED  TESTES  (15  Gy) 


Control  WR-2721  WR-106S  WR-3689  WR-151327 


l•C<.L■Kt  5.  (Tie  iiiiin- 
her  (il  uernunal  tells  m 
tlie  seiiiiMileroiis  tubules 
nl  tile  testes  ol  (A)  nonir- 
i.uiiatetl  and  (B)  irradi- 
itetl  luiee.  Mice  were 
injected  i.p,  with  saline  as 
cuntrol  or  with  VV'R-2721. 
\VR-1065,  \VR-36S9  or 
\VR-15i:327. 


tlejicMKleiit,  (tc'ciinnu  as  tlic-  \\'I4-2721  is 
(lepliosptiorylated  to  \VH-!()65.  I'lirthor- 
moro,  the  iiivoKeiiieiit  ot  NO  in  tite  con¬ 
servation  of  yastric  iniicosal  integrity  has 
also  been  reported. ' ' 

In  the  present  study,  onr  experiments 
show  \VR-1()65  increased  the  number  of 
crypt  cells  (P  <  ().()5).  but  injection  of  the 
phosphorylated  aminothiols  had  no  sia- 
nificant  chanije  in  crypt  cell  numbers  in 
nonirradiated  intestine.  Therefore,  it  is 
possible  that  in  the  intestine  the 
observed  aminothiol/NO  relationship 
contributes  to  the  observed  radioiirotec- 
tive  efVects  of  aminothiols  in  this  oriian. 

Unlike  the  intestine,  there  was  .i 
decrease  in  the  number  of  eells  counted 
in  the  nemiinal  cell  layer  of  the  nonirra¬ 
diated  testis,  and  (his  was  si)rniticantl\ 
different  for  WR-2721,  WR- 106.5,  and 
WR-,368y  (P  <  0.05).  The  seminiferous 
tubules  of  the  testes  contain  two  kinds  of 
cells,  Kerm  cells  and  Sertoli  cells  (liRure  4). 

The  uerm  cell  «roup  represent  the 
reproductive  cells  from  the  spermatouo- 
nial  stem  cells  to  spermatozoa.  All  but  the 
spermatogonia  are  eineshed  in  the  cyto¬ 
plasm  and  are  sustained  structurally  and 
nourished  by  the  Sertoli  cells,*’  figure  4. 
The  specialized  junctions  which  attach 
the  Sertoli  cells  in  the  seminiferous 
tubules  constitute  a  blood-testis  barrier 
against  exogenous  substances.*’  Sper¬ 
matogonia  have  free  access  to  blood- 
borne  nutrients  and  xenobiotics  as  they 


•  lie  locatr-d  in  the  basal  compartment 
((‘xternal  to  the  barrier),  and  these  are  the 
c  ells  w  Inch  after  several  mitotic  divisions 
move  iicross  the  barrier  to  the  luminal 
compartment  to  differentiate  into  prelep- 
totene  spermocytes.*’ 

The  chelating  properties  of  WR-2721, 
WR-1()65.  WR-.3689.  and  WR-151327 
make  it  probable  that  they  bind  to  met¬ 
als  ;md  interfere  with  the  synthesis  of 
nucleoproteins  by  reducing  the  availabil¬ 
ity  of  sulfhydryl  donors  uniquely 
recpiired  by  germ  ceils.  The  germ  cells  of 
the  seminiferous  tubules  contain  not  only 
c  ariants  ot  histones  found  in  somatic  tis¬ 
sue  but  have  at  least  five  basic  proteins 
rich  in  sulfhydryl  containing  amino  acids 
unique  to  the  germ  cells.’** 

WR-I.51,327  has  been  found  to  be  less 
destruc  ive  to  the  germinal  cell  layer 
than  WR-368y,  which  was  less  than 
WR-2721,  with  WR-1()65  being  the  most 
destructive  (figure  5).  Cytotoxicity  of  the 
testes  has  been  reported  in  nonirradiated 
mice  given  WR-272  1**  and 
WR- 151327, ’*’  ’*’  but  our  literature  search 
revealed  no  studies  carried  out  with 
WR-1()65  or  WR-,3689. 

.At  four  days  post-irradiation,  none  of 
the  aminothiols  injected  protected  the 
testes  from  radiation  damage.  There  was 
no  significant  change  (P  >  0.05)  in  cell 
number  when  WR-151327,  WR-3689.  and 
WR-1065  were  injected  and  a  significant 
decrease  (P  <  0.05)  in  the  cell  numbers 
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from  the  irradiated  control  Kro'ip  Yvhen 
VVR-2721  was  injected  30  min  prior  to 
irradiation.  Onr  results  on  WR-2721  are 
supported  hy  Meistrich  et  al.^  and  onr 
differences  with  other  projects can  he 
explained  hy  the  experimental  condi¬ 
tions,  the  concentration  of  aminothiol 
administered,  and  how  “protection  ”  of 
the  testis  is  assessed.  WR-151327 
decreased  the  number  of  cells  measured 
in  the  germinal  cell  layer  in  irradiated 
mice  after  10  Gy  irradiation  and  mea¬ 
sured  10  days  later;*’  however,  onr 
experiments  showed  no  significant 
change  (P  >  0.05),  suggesting  that  the 
damage  to  the  testes  increases  with  time. 

In  conclusion,  onr  experiments  show 
that  aminothiol  addition  can  provide  lim¬ 
ited  protection  to  intestinal  crypt  cells 
hut  not  to  germinal  cells  of  the  testes  in 
response  to  -y-irradiation.  Furthermore, 
there  is  also  evidence  that  aminothiols 
are  toxic  to  the  germinal  cell  layer  of  the 
seminiferous  tubules  when  given  to 
nonirradiated  mice. 
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